Geography, climate change, and human presence have influenced the distribution of numerous species in North America, particularly west of the Great Plains (Weider and Hobaek 2000; Arbogast and Kenagy 2001; Brunsfeld et al. 2001) . Regions such as the Alexander Archipelago, the Olympic Peninsula, and the Rocky Mountains have been found to contain ancient, isolated populations with distinct evolutionary histories (Soltis et al. 1997; Cook et al. 2001) . Such populations are often cryptic, that is, difficult to distinguish phenotypically, but are nonetheless of conservation interest due to their genetic distinctiveness. The discovery of unique mammalian populations has, for example, led to recommendations for new forest management policy in Alaska (Cook et al. 2006 ) and improved our understanding of how future climate change is likely to affect species distributions (Galbreath et al. 2009 ).
Fossil evidence and genetic data indicate that red foxes (Vulpes vulpes) colonized North America via the Bering land bridge during or prior to the Illinoian glaciation (> 300,000 years ago) and had little genetic exchange with Eurasia during subsequent glaciations (Aubry et al. 2009; Statham et al. 2014) . Following the Last Glacial Maximum (LGM; 20,000 years ago- Clark et al. 2009 ), lineages south of the ice sheets diverged into 2 genetically distinct groups corresponding respectively to eastern and western areas of North America (Supporting Information S1). By pre-Columbian times (~1,000 years ago), the western group had divided further into several distinct populations which, except for the Sacramento Valley red fox (V. v. patwin) , comprised an ecologically distinct subgroup of "montane" red foxes associated with subalpine forest and parkland habitats in the Cascades, Rocky Mountains, and Sierra Nevada (Aubry et al. 2009 ; Sacks et al. 2010 ; Fig. 1 ).
Many of these montane red fox populations appear to be shrinking and some are now threatened with extinction, making them targets for conservation efforts (Aubry 1983; Perrine 2005; Aubry et al. 2009; Kutschera et al. 2013; Statham et al. 2014) . Most recently, the Sierra Nevada red fox (V. v. necator) was petitioned for listing under the United States' Endangered Species Act (currently in review; Sacramento Fish and Wildlife Office 2011) . More broadly, however, conservation decisions are hindered by a poor understanding of the native and nonnative composition of red fox populations. Although montane red foxes as a whole appear to have undergone range reductions over the past century (Zielinski et al. 2005; Statham et al. 2012a) , nonnative populations derived from intentional releases and fur-farm escapes have thrived and expanded their range in many low-elevation areas, particularly in human-altered landscapes (Aubry 1984; Jurek 1992 ; Lewis et al. 1999; Perrine et al. 2007; Sacks et al. 2011; Statham et al. 2012b ; Fig. 1 ). Nonnative red foxes are often removed or managed to curb their negative impact on endemic species; conversely, native populations often merit protection as endemics themselves (Sacks et al. 2010 (Sacks et al. , 2011 . Discriminating between cryptic native and nonnative populations is therefore vital.
Red foxes of uncertain origin occur west of the Rocky Mountains and east of the Cascade and Sierra Nevada Ranges (hereafter, the "Intermountain West"), an ecologically diverse region that includes the highlands of eastern Oregon, the Great Basin of Nevada and Utah, and the Snake River Plain of southern Idaho (Fig. 1) . Some of these areas fall well outside the currently defined boundaries of native populations (Hall and Kelson 1959; Aubry 1983) . Montane red foxes were known historically to have ranged from mountainous areas of Washington (Taylor and Shaw 1927) , Idaho (Merriam and Stejnrger 1891) , and Montana (Bailey and Bailey 1918) as far south as the Piute Mountains of California (Grinnell et al. 1937) and the Mogollon Mountains of New Mexico (Bailey 1931) , but their occurrence in the Great Basin has long been disputed (Merriam 1900; Barnes 1922; Hall 1946; Fichter and Williams 1967) . Several authors have noted that the establishment of fur farms in the early 1900s coincided with the appearance of red foxes in valleys and coastal areas (Fichter and Williams 1967; Aubry 1984; Verts and Carraway 1998) . These observations led Kamler and Ballard (2002) and others to conclude that all low-elevation red foxes in western North America were most likely of nonnative origin. Hall (1946) , however, found no evidence to doubt that the earliest red fox records from Nevada represented native occurrences. He further suggested that these animals belonged to the same population as the Sierra Nevada red fox-a hypothesis reflected in some early range maps for the subspecies (Hall and Kelson 1959) . The ecological (Hall and Kelson 1959; Aubry 1983) . Numbers beside each diamond indicate the year of observation for that locality and numbers within diamonds refer to references listed below. Large diamonds correspond to type localities for each native subspecies. Native red foxes include the montane subgroup (black diamonds; V. v. cascadensis of the Washington Cascades, V. v. necator of the Oregon Cascades and Sierra Nevada, and V. v. macroura of the Rocky Mountains) and the Sacramento Valley population (gray diamonds; V. v. patwin) . Nonnative red fox populations occur in the Puget Sound region of Washington (A- Statham et al. 2012b ) and in southern California (C- Lewis et al. 1999) . Red foxes of uncertain origin (white diamonds) occur in the Intermountain West (regions B and D) and are of particular interest in the present study. Note that the records presented here do not strictly correspond to samples used in our analyses. Sources requirements of montane red foxes are poorly known (Aubry 1983; Benson et al. 2005; Perrine 2005 ), but their historical distribution in the Intermountain West could have been similar to that of yellow-bellied marmots (Marmota flaviventris), which persist on high-elevation "sky islands" of suitable habitat (Floyd et al. 2005) . Because historical records and morphological data remain inconclusive, the true origin of these foxes must be determined through genetic methods. Sacks et al. (2010) detected native mitochondrial haplotypes in red foxes from the Intermountain West and used microsatellites to confirm their predominantly native ancestry relative to historical and modern populations in western North America. However, sample size was too small to resolve population structure further. Resolution of a 696-bp mitochondrial marker was also too low to determine whether these haplotypes represented geographically distinct matrilines or whether they potentially originated from nearby mountain systems (e.g., via recent range expansion). In particular, the Intermountain West population was dominated by a single native haplotype ("A-19") that was basal to, and more numerous and widespread than, other haplotypes in the Mountain subclade (Sacks et al. 2010 ; Supporting Information S1). Consequently, evidence was equivocal as to whether this haplotype arose from a recently introduced matriline or one that traced back to the initial expansion of the lineage at the end of the LGM (Statham et al. 2012b ). Expanded sequencing of the A-19 haplotype throughout its distribution in western North America could reveal locally restricted mutations that arose since the LGM, thereby enabling clearer inferences about the origins of red foxes in the Intermountain West.
In the present study, we sequenced ~4,000 bp of the mitochondrial genome in a sample of modern red foxes carrying the A-19 haplotype to find additional substitutions (i.e., single nucleotide polymorphisms), and then screened historical specimens for these single nucleotide polymorphisms to better resolve the maternal genetic structure of red foxes in western North America. We used this information to evaluate 2 hypotheses for the origins of red foxes in the Intermountain West. Range Expansion 1) of animals from Sierra Nevada or Rocky Mountain populations would be supported if red foxes in the Intermountain West exhibited haplotypes originating from 1 or both of these subspecies. Endemism 2) would be indicated if red foxes in the Intermountain West carried distinct haplotypes with mutations distinct but closely related to those found in the nearby mountain populations, similar to evidence used to support endemism of the Sacramento Valley red fox (Sacks et al. 2010) . We conducted spatial analyses to assess the distinctiveness of the Intermountain West population relative to surrounding mountain subspecies based on high-resolution variants of the otherwise widespread A-19 haplotype.
For comparison, we also conducted expanded sequencing of an endemic Sacramento Valley haplotype ("D-19") and the primary haplotype of the Washington Cascades subspecies ("O-24"). Secondary objectives included 1) increasing resolution of the endemic Sacramento Valley red fox haplotype to better assess its phylogenetic relationship to other montane red fox populations and 2) investigating the origin of A-19 haplotypes in a putative nonnative population in coastal Oregon.
Materials and Methods
Samples.-The red fox specimens examined here (n = 126) were collected throughout western North America between 1891 and 2012. In addition to haplotype A-19, we selected specimens that had previously sorted into 2 other common haplotypes in the Mountain subclade. Specifically, we sequenced representatives of the endemic D-19 haplotype from the Sacramento Valley red fox population and the O-24 haplotype from the Washington Cascades and Northern Rockies (both presumably native populations), along with O-24 samples from a putative nonnative population localized near Salt Lake City, Utah (GenBank accession numbers EF064207, EF064209, EF064219, FJ830784, and FJ830785- Perrine et al. 2007; Aubry et al. 2009 ; Supporting Information S1). This sample distribution covered the established historical range of western red foxes (Hall and Kelson 1959; Kamler and Ballard 2002; Aubry et al. 2009 ) as well as areas where red foxes were known or suspected to be nonnative (Statham et al. 2012b ). We also included outgroup specimens from Kansas, Alaska, and Eurasia representing the Nearctic Eastern subclade and Holarctic clade (GenBank accession numbers EF064211, EF064212, and GQ374180- Perrine et al. 2007; Aubry et al. 2009 ; Supporting Information S1).
We defined 2 time periods based on the observed temporal distribution of samples (Supporting Information S2). Red foxes collected from 1891 to 1939 (mostly before 1930, hereafter, "historical"), including those from the Sacramento Valley, were considered to represent populations that existed prior to the establishment of nonnative populations derived from fur farms. These populations characterized the pre-Columbian distribution of western haplotypes. Historical samples consisted of maxilloturbinate bone extracts from specimens at the Museum of Vertebrate Zoology at the University of California, Berkeley (n = 18), the National Museum of Natural History in Washington, D.C. (n = 36), and the Burke Museum at the University of Washington, Seattle (n = 6- Aubry et al. 2009 ). Specimens collected after 1940 (hereafter, "modern") were considered to originate from natural, extended, or introduced populations. Modern samples consisted of maxilloturbinate bone extracts and skin snips from the Burke Museum (n = 5), the Oregon Game Commission Collection at Oregon State University, Corvallis (n = 4), and the Slater Museum of Natural History at the University of Puget Sound, Tacoma (n = 3), along with frozen tissue from the University of California, Davis (n = 53).
We divided historical and modern samples into geographic regions (hereafter, "populations") based on collection locality, elevation, and the presence of major geographic barriers such as intermountain basins ( Fig. 1 ; Supporting Information S2). Populations of natural origin were defined as Northern Rockies (NR: Utah, Wyoming, Montana, Idaho), Southern Rockies (SR: New Mexico, Colorado), Northern Cascades (NC: Washington), Southern Cascades (SC: Oregon, California), Sierra Nevada (SN: California), and the Sacramento Valley (SV: California). Based on previously observed patterns of differentiation among mountain red foxes (Sacks et al. 2010) , we followed Gordon's (1966) hypothesis that the Columbia River Gorge might be a significant barrier to gene flow for animals in the Washington and Oregon Cascades (Fig. 1) . Similarly, we considered the Wyoming Basin to be a potential barrier for red fox populations in the Rocky Mountains (Péwé 1983) . Populations of undetermined origin were defined as Intermountain West (IW: Nevada, Idaho, Oregon) and Coastal Oregon (CO). In Idaho and Oregon, where the geographic cutoffs between natural and disputed populations were less clear, we assigned samples based on elevation and the documented historical presence of red foxes.
Laboratory procedures.-We conducted DNA extraction, polymerase chain reaction (PCR) amplification, and sequencing at the University of California, Davis. Some PCR amplification of modern samples also took place at Simon Fraser University under similar reaction conditions (see below). We extracted modern DNA from tissue samples using DNeasy tissue kits (Qiagen, Foster City, California) and from scats using the QiaAmp stool kits (Qiagen). DNA extraction of historical samples from maxilloturbinate bones and skin snips followed the phenol-chloroform protocol described in Wisely et al. (2004) .
PCR and sequencing efforts targeted the red fox mitochondrial genome. Because historical specimens typically yield only degraded DNA in low concentrations, in these samples we focused on amplifying short (100-200 bp) fragments surrounding polymorphic sites, rather than complete loci. To identify polymorphic sites of interest, we 1st examined a larger section of the mitochondrial genome in modern samples.
We amplified complete sequences (hereafter, "full-locus" sequences) of cytochrome b (1,338 bp), the control region (1,432 bp), and cytochrome c oxidase subunit I (1,793 bp) in modern samples using primer sets developed by Quentin Voyce at the University of California, Davis. For historical samples, we targeted 2 fragments (hereafter, "targeted" sequences) of cytochrome b (totaling 399 bp) and 4 fragments of the control region (totaling 601 bp) using primer sets developed with the Primer3 online tool (Rozen and Skaletsky 1998 ). New primers were tested on a selection of modern samples before attempting to amplify DNA in historical samples. Supporting Information S3, lists the primer sequences used in this study.
To minimize the chance of contamination with modern red fox samples, PCR preparation of historical samples took place under clean-room conditions in a separate facility dedicated to the extraction of ancient DNA (Aubry et al. 2009; Brown et al. 2013 ). We used a total reaction volume of 23 μl consisting of 2 μl of DNA extract, 1× PCR buffer, 2.5 mM of MgCl 2 , 0.2 mM of dNTPs, 0.1 μg/μl of bovine serum albumin, 0.5 mM of each primer, and 1 U Taq polymerase. PCR conditions were set at 94°C for 3 min (initialization), followed by 35 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for 45 s, followed by 72°C for 10 min (final extension). We ran PCR products on 2% agarose gels to confirm that each sample that amplified successfully.
We sequenced PCR products in both directions. For fulllocus sequencing of cytochrome b, the control region, and cytochrome c oxidase subunit I, we used internal primers to obtain overlapping sequence reads (Supporting Information S3). Modern samples prepared at Simon Fraser University were sequenced off-site through Molecular Cloning Laboratories (MCLAB, San Francisco, California). For all other samples, we conducted dye-terminator sequencing reactions using Applied Biosystems reagents and ran the products on an ABI 3730 capillary sequencer (Applied Biosystems, Grand Island, New York).
We aligned sequences visually against a published reference of the red fox mitochondrial genome (Zhong et al. 2010) using MEGA v5 (Tamura et al. 2011) . Samples that yielded poor sequences were re-amplified and re-sequenced when possible. Ambiguous signals, including those at otherwise monomorphic sites, were treated conservatively as N's in the final sequence data. We defined discrete haplotypes using full-locus sequences. Partial (targeted) sequences were then matched to one of these haplotypes and treated as full-locus sequences in all our analyses (i.e., we assumed no novel mutations occurred in unsequenced regions). In 1 case, we assigned a novel haplotype to a partial sequence on the basis of a unique substitution, but excluded this haplotype from statistical analyses. Because our targeted primer sets were designed to recover all haplotypes observed in modern (full-locus) samples, this procedure yielded conservative estimates of genetic diversity and differentiation in historical red fox populations. Thus, the complete range of mutations seen in modern samples was also assayed in historical samples, but some diversity unique to the historical samples could have gone undetected.
Data analyses.-We constructed median-joining networks under default parameters in Network v4.612 (Bandelt et al. 1999) to describe the relationships among full-locus haplotypes. Polymorphisms on all mitochondrial regions were analyzed together and historical and modern samples were pooled. We used MEGA v5 (Tamura et al. 2011 ) to determine the bestfit DNA substitution model for our dataset (HKY-Hasegawa et al. 1985) and used this model to construct a maximum-likelihood (ML) tree of full-locus haplotypes. We calculated bootstrap support for the nodes based on 1,000 replicates.
To assess the extent to which our expanded sequences provided greater phylogenetic resolution in a geographic context, we investigated genetic differentiation among populations based on A-19 variants. First, we performed an analysis of molecular variance (AMOVA- Excoffier et al. 1992) in Arlequin v3.5 (Excoffier and Lischer 2010) . We then generated matrices of pairwise genetic distance estimates based on haplotype frequencies (F ST -Weir and Cockerham 1984) and on nucleotide differences between haplotypes (Φ ST -Excoffier et al. 1992) . Evaluation of statistical significance (α = 0.05) for F ST and Φ ST values was based on 1,000 permutations; we used the sequential Bonferroni method to correct for multiple tests (Rice 1989 ).
We also examined the geographic structure of populations using SAMOVA v1.0 (Dupanloup et al. 2002) , which is computationally similar to AMOVA but incorporates spatial orientation of samples explicitly. To investigate how populations were hierarchically structured, we tested a series of models where the assumed number of population groupings (K) ranged from 2 to 6. In general, populations that partition into separate groups at low increments of K will be more distinct from each other than those that partition only in higher-order models. Samples nearest the center of each geographic region (as described above) were used to define latitude and longitude for each population. We centered the Intermountain West population at the Independence Mountains (Elko County, Nevada), which is approximately equidistant from the marginal red fox records reported by Bailey (1936) , Hall (1946) , and Fichter and Williams (1967) . All analyses were conducted with the same input files at 100 initial conditions. We followed recommendations in Dupanloup et al. (2002) to identify the K model that best described the dataset.
To assess population differentiation graphically, we created phylogenetic networks in SplitsTree v4.11 (Huson and Bryant 2006) using the pairwise genetic distance matrices generated in Arlequin. Unlike a phylogenetic tree, which attempts to fit the underlying data to a single evolutionary scenario, a phylogenetic network is capable of representing many alternative scenarios in a single diagram (Bryant and Moulton 2004) . In situations where genetic distance data are not tree-like, as is often the case when neighboring populations exchange migrants (Posada and Crandall 2001) , a network can provide a more informative representation of relationships among populations.
Results
We obtained full-locus sequences (totaling 4,002-4,004 bp) from 42 higher-quality modern red fox specimens, from which we identified 7 distinct haplotypes ( Fig. 2A) . Five of these haplotypes (w1-w3, w6, w7) corresponded to the widespread A-19 haplogroup, while haplotypes w4 and w5 corresponded to D-19 and O-24, respectively. A-19 variants differed from each other by as many as 9 base changes and contained 17 variable sites (14 transitions, 1 transversion, and 2 indels).
We then obtained targeted sequences (totaling 755-757 bp) containing 10 variable sites, which were sufficient to discern all 7 haplotypes above, from an additional 42 historical red fox specimens and 13 lower-quality modern specimens. From these samples, we identified 1 additional haplotype (w8) within the A-19 haplogroup ( Fig. 2A ; Supporting Information S4). Voucher sequences were deposited in GenBank (accession numbers KM657023-KM657043). We observed a heterogeneous distribution of native haplotypes on the landscape ( Fig. 3; Supporting Information S5) . Notably, the 2 most common and widespread haplotypes in the Intermountain West (w6 and w7) were not found in any modern samples from mountain populations and occurred infrequently in historical samples (Supporting Information S2). Outside the Intermountain West, we detected haplotype w6 in a single historical sample from the Southern Rockies. Haplotype w7 occurred historically at similar latitudes on both sides of the Great Basin (Southern Cascades and Northern Rockies), whereas the closely related haplotype, w8, was found only in the Southern Cascades. We did not detect w8 in any modern (full-locus) samples, and our analyses using inferred sequence data treated this haplotype conservatively as w7 (Fig. 2B) .
Although haplotypes w6 and w7 differed from each other by 5 substitutions, they nonetheless formed a well-supported subclade on the ML tree separate from all other haplotypes (Fig. 2B) . We also found strong support for a subclade containing the Sacramento Valley haplotype w4 and the widespread haplotype w3, which occurred in Coastal Oregon and several mountain populations (Fig. 3) .
The AMOVA based on A-19 variants revealed significant differentiation for the Intermountain West and Coastal Oregon (F ST = 0.44, d.f. = 73, P << 0.001; Φ CT = 0.59, d.f. = 73, P << 0.001; Fig. 4A ). These populations occurred at the tips of distinct, long branches on the phylogenetic networks, reflecting relatively high levels of genetic distinctiveness (Fig. 4B) . In contrast, most mountain populations were poorly differentiated from one another and tended to occupy nodes in more central positions.
The SAMOVA based on A-19 variants also supported the distinctiveness of the Intermountain West population. Φ CT values were similar for all models tested and significant at K = 3 and K = 5 (Fig. 5) . At all increments of K, the Intermountain West partitioned into an exclusive group. The most conservative model justified by the data was K = 3 (Φ CT = 0.58, d.f. = 73, P = 0.009), which additionally assigned Coastal Oregon and the Northern Rockies together to a 3rd group. The model with the highest overall support was K = 5 (Φ CT = 0.60, d.f. = 73, P = 0.008), above which group structure began to dissolve and Φ CT began to decline (Dupanloup et al. 2002; Supporting Information S6) . This model identified the Intermountain West, Coastal Oregon, and Northern Rockies to be separate from each other and from all other populations.
Discussion
Sequencing more of the mitochondrial genome and additional modern samples (cf. Aubry et al. 2009; Statham et al. 2012b) has helped clarify the origins and population genetic structure of red foxes in western North America, particularly in the Intermountain West. We uncovered a pattern suggestive of natural origins and historical isolation for red foxes in this region. The 2 haplotypes characterizing most samples throughout the Fig. 3.-A) Distribution of western red fox (Vulpes vulpes) haplotypes identified in the present study. Polygons denote the approximate range of each red fox population of interest. Sample localities are shaded according to the median-joining network in (B). Circles and squares denote historical and modern samples, respectively (see also Supporting Information S2 and S4). Enlarged circles denote locations sampled more than once. B) Median-joining network of full-locus haplotypes. Circle size is proportional to the number of samples represented. Note (*) that the position of haplotype w8 relative to w7 was inferred from 757 bp of targeted sequence data rather than 4,004 bp of full-locus data for the other haplotypes; additional mutations could have been present in the unsequenced regions, and we have indicated this uncertainty with a dashed line.
Intermountain West (w6 and w7) formed a well-supported subclade, yet were historically rare in montane red foxes and absent from our sample of modern populations in the Cascade Range, Rocky Mountains, and Sierra Nevada. These haplotypes were not strictly endemic to the Intermountain West, which was a key prediction of the Endemism hypothesis. However, the general prevalence of the A-19 haplogroup (i.e., all variants revealed in this study) shared between the Intermountain West and mountain populations, the general absence of this haplogroup in fur farm-derived populations (Statham et al. 2012b) , and the significant differences in haplotype frequencies observed in this study are nonetheless more consistent with the expected features of a native population of red foxes in the Intermountain West than with nonnative ancestry.
These results suggest 2 plausible origin scenarios. First, red foxes in the Intermountain West might have persisted locally on "sky islands" of suitable habitat until recent times. Historically, the distribution of red foxes in western North America (Hall and Kelson 1959; Kamler and Ballard 2002) appears to have been similar to that of golden-mantled ground squirrels (Callospermophilus lateralis-Bartels and Thompson 1993), yellow-pine chipmunks (Neotamias amoenus -Sutton 1992) , and other species associated with montane forests. At the height of the Wisconsin glaciation, when the treeline was up to 1,000 m lower than it is today, conditions favorable to red foxes would have been more broadly distributed in the Intermountain West (Thompson and Mead 1982) . Increased habitat connectivity would have facilitated gene flow among populations in the Cascade Range, Rocky Mountains, and Sierra Nevada, allowing red foxes to colonize intervening mountain ranges in the Great Basin. Following the LGM, however, xeric shrublands gradually replaced forests at low elevation, and forest-associated fauna would have experienced range fragmentations and local extinctions (Grayson 1987) . American martens (Martes americana), for example, are not known to occur in the Great Basin today, but fossil evidence indicates they had a widespread presence during the Pleistocene (Heaton 1985; Mead and Mead 1989) . At least 1 forest-associated carnivore species (the shorttailed weasel, Mustela erminea) does still persist in this region (Brown 1971) , and some habitat islands could have been large enough to support low numbers of red foxes. Reports collected by Bailey (1936) and Hall (1946) hint at the existence of 1 or more source populations in southern Nevada and/or southeastern Oregon-a scenario supported by our observations. Alternatively, red foxes could have recently colonized the Intermountain West via downslope colonization from the northern Rocky Mountains or southern Cascade Range. We note that several of our Intermountain West specimens came from midelevation areas near these mountain systems (Fig. 3B) , raising the possibility that further sampling would reveal the presence of w6 and w7 haplotypes in modern mountain populations. Downslope colonization followed by range expansion is consistent with the appearance of red foxes in valleys in Idaho and Montana beginning in the 1960s (Fichter and Williams 1967; Hoffmann et al. 1969) . However, the prevalence of 2 haplotypes in the Intermountain West that are rare in modern mountain populations suggests that any such expansion would likely have stemmed from a small number of colonizing individuals rather than from a wholesale population expansion followed by continuous connectivity. Indeed, expansion from a small and rare colonization event seems more plausible than expansion of the mountain population as a whole in light of findings elsewhere in western North America. For example, Swanson et al. (2005) found high-elevation red foxes in the Yellowstone region to be distinct from neighboring valley populations on the basis of microsatellite data. The high level of genetic differentiation observed between Sierra Nevada and Sacramento Valley red foxes, even in historical times, also supports the hypothesis that downslope dispersal was rare (Sacks et al. 2010) . Additional surveys of the Rocky Mountains and the Oregon Cascades would help further determine the likelihood of dispersal from these regions into the Intermountain West.
Although our findings lend credibility to a natural origin for red foxes in the Intermountain West, the role of fur-farm activity and local translocations cannot be entirely excluded. Despite the overwhelming presence of native mitochondrial haplotypes in this region (a pattern paralleled by microsatellite data), a few indisputably nonnative haplotypes were detected in previous studies (Sacks et al. 2010; Statham et al. 2012b ). Moreover, the w5 (O-24) haplotype observed here in the Salt Lake Valley is known to co-occur with red foxes carrying the Holarctic "G-38" haplotype (B. N. Sacks, pers. obs.; Supporting Information S1). Both O-24 and G-38 have been associated with fur farms (Statham et al. 2012b; B. N. Sacks, pers. obs.) , which were historically abundant on the margins of the Great Salt Lake (Westwood 1989 ). Thus, it is possible that interbreeding between native mountain and nonnative fur farm-derived red foxes could have facilitated expansion across the Intermountain West.
Based on available records, an alternative hypothesis is that indigenous red foxes spread northward from the mountains of southern Nevada (Hall 1946; Hall and Kelson 1959) , in which case, the rare instances of w6 and w7 haplotypes among historical Rocky Mountain and Southern Cascade samples could reflect gene flow from the Great Basin. Regardless of the specific events responsible for the observed genetic structure of western red foxes, our data contradict Hall and Kelson's (1959) hypothesis that red foxes in southern Nevada belong to the Sierra Nevada subspecies V. v. necator (as in Fig. 1 ). Further sampling from this region using additional markers (e.g., microsatellites) is needed to clarify the origins and native/nonnative ancestry of contemporary red foxes in the Intermountain West.
Our results for Coastal Oregon were more equivocal. The only haplotype detected in this population, w3, was relatively common historically in both the Southern Cascades and Northern Rockies (Fig. 3B) . Definitive conclusions are hampered by the genetic homogeneity of Coastal Oregon red foxes and the limited number of samples available from the Oregon Cascades. Historically, Cooper and Suckley (1859) reported red foxes to be abundant in the vicinity of The Dalles, and Newberry (1857) reported them from the Klamath Lakes and Deschutes Basin. Bailey's (1936) distribution map included parts of the Oregon Coast Range to the west of the Willamette Valley, based on specimens collected there in the form of skins traded by Native Americans in 1897 and 1930, yet red foxes appear to have been absent from far-western Oregon in the early-to mid-20th century (Verts and Carraway 1998) . Thus, additional markers will be necessary to resolve the origins of this population.
The close and robust grouping of Sacramento Valley haplotype w4 (D-19) with mountain haplotype w3 observed on the median-joining network and ML tree and the occurrence of the latter haplotype in nearby historical samples are consistent with its natural origin (Sacks et al. 2010) . Moreover, the expanded sequencing conducted in this study revealed a 2nd endemic mutation distinguishing w4 from its most closely related montane haplotype, suggesting a more ancient timeframe for the divergence of the Sacramento Valley endemic lineage.
Although mitochondrial DNA is relatively easy to recover from degraded samples, making it a natural 1st choice in population genetic surveys utilizing historical samples, we note that using a single haploid locus has 2 important limitations. First, because mitochondria are maternally inherited, we cannot rule out the possibility of introgression from male nonnative red foxes. Second, the observation of divergent haplotypes does not necessarily imply deep population divergence, as these polymorphisms were potentially present long before the splitting event. Multiple loci are often needed to distinguish ancestral polymorphism from modern gene flow and accurately measure the extent of population differentiation (Marko and Hart 2011) . Thus, the findings of this study should be further investigated with nuclear markers.
Conservation implications.-Red foxes in the Intermountain West appear to represent a unique, native population, although it remains unclear whether this population originated from a Pleistocene relict endemic to the Great Basin or from a more recent colonization event from the Southern Cascades or Rocky Mountains. The contribution of nonnative ancestry to this population also remains to be characterized. Given the observation of apparently stable contact zones between native and nonnative populations elsewhere in western North America (Sacks 
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